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An analytical cartridge (12) adapted for use in analyz- 
ing fluids for spectrophotometry. The cartridge (12) includes 
a plumbing system composed of the cuvette (22) and various 
wells or chambers which are interconnected by passageways. 
After introduction into the cartridge (12), liquid samples are 
separated (if necessary) and transported to a cuvette (22) uti- 
lizing a sequential application of centrifugal force followed 
by pressurization of the system. The cartridge (12) may be 
used in a wide variety of spectrophotometric procedures to 
measure the concentration of a wide variety of constituents in 
fluids, includihg bodiiy fluids which contain liquid and solid 
components. 




BNSDGCID: <WO 9S39162A1J_> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


AM 


Armenia 


FI 


Finland 


AT 


"Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CG 


Congo 


KE 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


CU 


Cuba 


KZ 


Kazakstan 


CZ 


Czech Republic 


LC 


Saint Lucia 


DE 


Germany 


LI 


Liechtenstein 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



Lesotho SI 

Lithuania SK 

Luxembourg SN 

Latvia SZ 

Monaco TD 

Republic of Moldova TG 

Madagascar TJ 

The former Yugoslav TM 

Republic of Macedonia TR 

Mali TT 

Mongolia UA 

Mauritania UG 

Malawi US 

Mexico UZ 

Niger VN 

Netherlands YU 

Norway ZW 
New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 



Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



Sweden 
Singapore 



BNSDOC1D: <WO 9939182A1 J_> 



WO 99/39182 

-1- 

p CT/US99/01707 

- CTROPHOTOMmcANALYTiCAic ^ 



1. 



The present invention relates general]v to 
— - spectrop hotochemical ^ * *«- and methods which are 

-iates to spectrophotometry instruments 17 ^ ~„ 

«* * a * Varie , Qf Iabo ^ ^ ~ .hich are used to ^ 
healthcare facilities. ^oratories and other 



2. 



fiSS2 2I*ion^^ 



Clinical chemistry involves th. ,• 

, .^ocnentisti,, as weU as ^ ^ 
,, , « * physicjans ^ othw h ^ £ -* derived Son, mcll ^ 

*=* *— Tne ana** prolocok ^ * * *~* — - 

»*". and efficient ^ , Kt ,„ s Mulo * in *~on be 

>~edonadai, y oasis is , nitel ^ ab0ra '° nK — • «• nnmoe, of ^ 

* • -e„e « ^ ^ IT^'^^isinnodoeed 
a-*™*, radiation , bsMpti<m -—•I. is passed 

^^^^veand^d^^^-^-^ 
"eeemnnatio^. " eabte *> «rry on, specttopho tomeWc 



PCTAJS99/01707 

WO 99/39182 -2- 

i 1 

Another consideration in designing analytical equipment for use by 
healthcare personnel is the amount of sample available for testing. In many 
situations, the amount of blood or other bodily fluid available is relatively small. 
Accordingly, there has been a trend in clinical chemistry to develop analytical 
5 systems which are capable of conducting numerous different chemical analyses on 

relatively small amounts of sample. In general, the goal has been to develop clinical 
analytical systems which provide the maximum number of medical tests utilizing the 

minimum amount of sample. 

In achieving the above goals, a multitude of different analytical procedures 
10 and approaches have been investigated. In one approach, instruments have been 

developed which have a single sample introduction site. The equipment is designed 
so that the sample is split and routed to various locations within the system where 
multiple chemical analyses take place. Other systems do not include internal sample 
splitting devices and rely on the clinical chemist to separate the sample into small 
15 aliquots which are introduced into various instruments which are capable of 

conducting a maximum of only a few chemical analyses at one time. 

There is a continuing need to develop and provide clinical chemistry 
equipment which is not only accurate, but versatile enough to meet the demands of 
modern medicine. The equipment should be simple enough to be Used by not only 
20 highly-skilled laboratory technicians, but also by other healthcare personnel who 

may be required to conduct laboratory tests from time to time. The equipment and 
procedures should be versatile enough so that they can be utilized in clinical 
laboratories which analyze thousands of samples daily, while at the same time being 
adaptable to doctors' offices, home healthcare agencies and nursing homes where the 
25 number of tests being conducted is not as great. In addition, the equipment should 

be versatile enough to be useful in conducting a wide variety of blood analyses 
which are presently being routinely utilized. The equipment should also be 
adaptable to conducting blood or other bodily fluid tests which will be developed in 
the future. 
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overflow well, if necessary. During the centrifugation, the fluid is separated, if 
necessary, into solid components located in the separation well and substantially 
solids-free sample liquid located in the second passageway and the common portion 
of the first and second passageways. Once centrifuging is complete, the test well is 
pressurized to provide flow of the sample liquid into the cuvette located in the test 
well Once in the cuvette, the liquid is tested utilizing conventional spectrophoto- 
metric procedures. 

As an additional feature of the present invention, a cuvette is provided which 
is especially well-suited for use as part of the analytical cartridge. The cuvette 
includes a cuvette body having a bottom, a first wall and a second wall which define 
the cuvette cell. The first and second walls include zones which are transparent to 
the required wavelengths of radiation. The walls are oriented substantially 
perpendicular to the cuvette body bottom. The cuvette further includes a first wing 
extending from the first wall of the cuvette body for receiving incident radiation 
which is directed substantially parallel to the first wall. The first wing is shaped to 
direct the incident radiation through the transparent zone in the first wall to form a 
test beam of radiation within the cell. A second wing extending from the second 
wall on the other side of the cuvette is designed to receive the test beam of radiation 
which has passed through the cell and the transparent zone in the second wall. The 
second wing is shaped to direct the test beam of radiation in a direction which is 
substantially parallel to the second wall and in a direction which is opposite to the 
incident radiation. This cuvette configuration, and its location within the analytical 
cartridge, allow simple and efficient spectrophotometric measurements to be made. 

As a further feature of the present invention, a reagent well is provided 
within the cartridge body for housing a liquid reagent. A reagent passageway 
connects the reagent well to the test well. A pressurization device associated with 
the reagent well is utilized to provide controlled movement of reagent from the 
reagent well to the test well. The ability to add reagents directly to the cuvette 
located within the test well greatly increases the number and type of 
spectrophotometric analyses which can be carried out using the cartridge of the 
present invention. 
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The analytical cartridge in accordance with the present invention is well- 
suited for use in a wide variety of clinical settings. Numerous different 
spectrophotometric analyses may be carried out utilizing the cartridge by merely 
modifying the number and type of reagents which are either preloaded into the 
cuvette or added to the cuvette from one or more reagent wells. This allows the 
healthcare personnel to conduct a wide variety of different analyses on a given 
sample by selecting the appropriate cartridges. 

The above described and many other features and attendant advantages of the 
present invention will become better understood by reference to the following 
detailed description when taken in conjunction with the accompanying drawings. 

BRIEF DHSCIT? TPTTfTM pp THE PR AWTMfig 
FIG. 1 is a perspective view of a preferred exemplary analytical cartridge in 
accordance with the present invention showing the cap which contains the flexible 
septum for pressurizing the deposition well in an open position. 



FIG. 2 is the same perspective view of the cartridge shown in FIG. 1 showing 
the lid in a closed position 



HG. 3 is an exploded view of the preferred exemplary analytical cartridge in 
accordance with the present invention. . 



FIG. 4 is a top view of the,cartridge body depicting the first step of a 

preferred analytical procedure wherein a blood sample has been introduced into the 
25 deposition well. 

FIG. 5 depicts the cartridge body after it has been subjected to centrifugation 
in order to concentrate the red and white blood cells in the separation well and 
overflow well. 



HG. 6 is a view of the cartridge body depicting the transfer of sample fluid 
to the test well during pressurization of the deposition well. 
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FIG. 7 is a view of the cartridge body depicting the transfer of reagent from 
the reagent well to the test well (cuvette). 

FIG. 8 is a body perspective view of the preferred analytical cartridge 
showing the cuvette displaced away from its location within the cartridge body. 

FIG. 9 is a perspective view of a preferred exemplary cuvette in accordance 
with the present invention. 

FIG. 10 is a top view of the cuvette shown in FIG. 9. 

FIG. 1 1 is a sectional view of FIG. 10 taken in the 1 1-1 1 plane. 

FIG. 12 is a sectional view of FIG. 10 taken in the 12-12 plane. 

FIG. 1 3 is a detailed view of a portion of the reagent well in accordance with 
the present invention. FIG. 13 also shows a portion of the passageway leading from 
the reagent well to the test well (cuvette). 

FIG. 14 is a view of an embodiment of the present invention which does not 
have a separation well. 

DETAILED DESCRIPTION OF THE INVENTION 
A preferred exemplary analytical cartridge in accordance with the present 
invention is shown generally at 10 in FIGS. 1-3 and 8. The cartridge 10 is made up 
of a housing which includes a cartridge body 12, top plate 14 and label 16. The 
analytical cartridge 10 further includes a hinged cap 18, flexible septum 20, cuvette 
22, and retainer plate 24. In FIG. 1, the analytical cartridge 10 is shown with the 
hinged cap 18 in the open position. In FIG. 2, the hinged cap 18 is shown in the 
closed position. As best shown in FIGS. 2 and 3, the cap 18 is preferably hinged to 
the cartridge body 12 as shown at 26. The cap 1 8 includes locking tabs 28 which are 
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designed to releasably engage indentations 30 in the cartridge body 12. The cap 18 
preferably includes a curved portion 32 which provides access under the cap 18 so 
that it can be easily opened and closed. The cap 18 and top plate 14 have vent holes 
19 and 21, respectively. The cartridge body 12 and top plate 14 are preferably made 
from a suitable plastic, such as polystyrene, polyvinylchloride, polycarbonate, or any 
other plastic which is rigid and inert with respect to biological fluids. Hinged cap 18 
is preferably made from a suitable plastic, such as polypropylene or polyethylene or 
any other plastic which is flexible and inert with respect to biological fluids. 

The septum 20 is shaped to fit within opening 34 in the cap 18 (FIG. 3). The 
septum 20 must be shaped to provide a sealing engagement with the cap 18 and top 
Plate 14 so that depression of the septum 20 when the cap 18 is closed onto the top 
Plate 14 results in pressure being applied to the cartridge body as will be described 
in more detail below. The septum 20 is made from an elastomeric material such as 
Silicone rubber or any other elastomeric material that is inert with respect to 
biological fluids. The label 16 is optional and may be made from any of the well- 
known label materials conventionally . used vto allow : writing onto laboratory 
equipment. Preferably, the label will be of the self-adhesive variety. The label 16 
will preferably include an identification of mvti^&ctob^^ with 
instructions or other notes, such as a bar code, relevant to the specific test protocol. ' 
. FIGS. 4-7 are top views of the cartridge body 12 showing a preferred 
exemplary test cartridge at various states during the testing procedure. Referring to 
FIG. 4, the test cartridge 12 is shown during the first step of the analytical process 
where a blood sample 36 is located -in deposition Well 38. The cartridge body 12, as 
shown in FIG. 4, has an inner end 40 and an outer end 42. . After the blood sample 
36 has been deposited in deposition well 38, the cartridge cap 18 is closed and the 
cartridge is placed in a centrifuge or other apparatus which is capable of causing the 
blood sample 36 to be transferred towards the outer end 42 as indicated by arrow 44 
(see FIG. 5). Preferably, the centrifuge apparatus will be designed to house multiple 
cartridges which can be centrifuged simultaneously. 

The top plate 14 includes a window 23 which provides visual access to the 
deposition well 38. The window 23 may be clear or opaque. If opaque, the window 
23 must be sufficiently transparent to allow one to visually assess the contents of the 
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deposition well 38. The window 23 is preferably in the shape of a narrow strip as 
shown in FIGS. 1 and 3. The window strip 23 is positioned so that blood or other 
sample only becomes visible when the required amount of sample has been 
deposited into the well 38. The window 23 allows the operator to quickly and 
accurately verify that the appropriate amount of sample has been deposited. Other 
types of detection systems may be used to verify filling of the deposition well. 
However, the use of a window, such as the window strip 23, is preferred due to its 
simplicity. 

As shown in FIG. 5 (arrow 44), sufficient centrifugal force is applied to the 
cartridge 10 to ensure that the blood cells as shown at 46 are concentrated in 
separation well 48. The size of the deposition well 38 is chosen to allow deposition 
of an excess of sample. As a result, an overflow well 50 is provided. A detector 
may be provided to detect when fluid reaches the overflow well 50. The detector is 
provided to ensure that adequate sample has been introduced into the cartridge. The 
detector is preferably connected to a control system which nullifies the test if 
sufficient sample is not initially loaded into the cartridge to provide flow into the 
overflow well 50 as measured by the detector. The detector can be a simple visual 
detector like the window strip 23 described above. The detector could also be a 
more complicated system utilized detector electrodes or the like to provide an 
electronic signal when fluid reaches the overflow well 50. 

As shown in FIGS. 4-7, the deposition well 38 is connected to the separation 
well 48 by inlet passageway 52. The separation well 48 and inlet passageway 52 are 
connected to test well inlet 54 by way of outlet passageway 56. Also, the separation 
well 48 is connected to the overflow well 50 by way of overflow passageway 58. 
Vent passageways 60 and 62 are connected to vent opening 21 in top plate 14 to 
allow liquids to be transferred through the various passageways to the various wells 
without the build-up of back pressure. Vent passageway 62 is connected to the 
deposition well 38 by way of a capillary break zone 64 and vent leg 65. The 
capillary break zone 64 is designed to prevent inadvertent capillary flow of fluid 
from the deposition well 38 through passageway 62. The particular shape of 
capillary break zone 64 is not critical provided that there is a sufficient increase in 
relative opening size between capillary break zone 64 and the vent leg 65 to prevent 
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capillary action from transporting fluid from the vent leg 65 to the vent passageway 
62. The inlet passageway 52 in combination with the separation well 48 and 
overflow passageway 58 make up a first passageway which connects the deposition 
well 38 to the overflow well 50. The inlet passageway 52, in combination with the 
outlet passageway 56 forms a second passageway which connects the deposition 
well 38 to the test well inlet 54. As can be seen from FIGS. 4-7, the first and second 
passageways are integral with each at the deposition well outlet 39. The two 
passageways remain integral with each other until they separate at point 69. 

As shown in FIG. 5, centrifiiging of the analytical cartridge 10 results in the 
separation of the blood plasma from a solid ox cellular component located in 
separation well 48 and any overflow located in overflow well 50. Substantially 
solids-free plasma remains in portions of the outlet passageway 56, inlet passageway 
52, and overflow passageway 58 as shown in the shaded portions in FIG. 5. The 
force at which the cartridge 10 is centrifuged, as well as the time, may be varied 
depending upon a number of different criteria. For example, in many situations it is 
neimer .necessary nor desirable to separate cells or other components frbm the ' 
sample fluid. In mese cases, toe 

low levels to provide flow of fluid . into the passageways and separation well, as " 
.described above, without separating me solid (tompofie^s from the fluid: Theresult 
. is an accurately metered substantially homogeneous sample. - — 

In those situations where it is not necessary to separate solids from the 
sample, the separation well 48 may be deleted from the cartridge as shown in FIG. 
JA - * FIG ' 14 ' the cartrid § e body »2 includes a deposition welT 138 and an 
overflow well 150. In this configuration, a first passageway 152 connects the 
deposition well outlet 139 directly to the overflow well 150. A second passageway 
156 connects the deposition well outlet 139 to the inlet 155 for the test well/cuvette. 
The first and second passageways 152 and 156, respectively, are integral with each 
other at the deposition well outlet 139 and share the same conduit until they diverge 
fiom each other at the location shown by arrow 169. The cross sectional area of the 
first and second passageways above the point 169 is selected to provide containment 
of an accurate dosage of sample. 
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The optimum centrifuge force and time can be determined by routine 
experimentation as is well known in the art. The centrifuge load should be on the 
order of 200 to 400 g's with centrifuge times ranging from about 1 to 10 minutes 
and a time to speed of less than 3 or 4 seconds. When cell separation and removal is 
desired, the centrifuge parameters are chosen so that substantially all of the cellular 
components of the blood are separated out, leaving a substantially solids-free liquid 
located in the passageways as shown in FIG. 5. In situations where the sample is to 
be metered only and not separated, it is preferred to keep the centrifuge load 
relatively high. Separation is prevented from occurring by substantially reducing the 
centrifuge time. 

Referring again to FIG. 5, the amount of substantially solids-free liquid 
which remains in the inlet passageway 52 and outlet passageway 56 is determined 
by the sizes of passageways 52 and 56 and the configuration of overflow 
passageway 58. The overflow passageway 58 is preferably composed of a 
separation well segment 66 and an overflow well segment 68. The separation well 
segment 66 includes a first end that is connected to the separation well 48 and a 
second end which is connected to the overflow well segment 68. The overflow well 
segment 68 has a first end which is connected to the separation well segment 66 and 
a second end which is connected to the overflow well 50. The separation well 
segment 66 forms an upstream passageway in the overflow passageway 58 which 
has a restriction 70 at its downstream or second end. The restriction 70 has a cross- 
sectional area which is substantially smaller than the cross sectional area of the 
downstream passageway or overflow well segment 68 at its first end which is 
connected to the separation well segment 66. This reduction in cross-sectional area 
is required to ensure that capillary action does not adversely affect the metering 
process and aliquotting of liquid in the inlet passageway 52 and outlet passageway 
56. This configuration is preferred in order to provide a break in possible unwanted 
capillary action within the various passageways and wells. It is also preferred that 
the connection between the separation well segment 66 and overflow well segment 
68 be vertically offset. Other configurations are possible provided that relative 
changes in cross-sectional areas and the orientation of the connection point between 
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the upstream and downstream portions of the overflow passageway 58 are such that 
capillary induced flow is prevented. 

Preferably, the reduction in cross-sectional area shown in constriction 70 in 
FIGS. 4-7 will occur adjacent to the connection with the overflow well segment 68. 
Preferably, the separation well segment 66 will be a channel having widths of 
between 0.7 and 1.1 mm and depths of between 0.1 and 0.2 mm. The constriction 
70 will have widths on the order of 0.3 to 0.5 mm and depths on the order of 0.1 to 
0.2 mm. The overflow well segment 68 and the remainder of the various 
passageways are preferably channels also having the above widths, but depths on the 
order of 0.5 and 1.5 mm. It is particularly preferred that the channel dimensions for 
the passageways (inlet passageway 52 and outlet passageway 56) both be on the 
order of 1.5 mm wide by 1 .5 mm deep. It is particularly preferred that the overflow 
passageway 58 and the ventline 60 and 62 all be on the order of 0.8 mm wide by 1.1 
mm deep. The preferred dimensions for the constriction 70 is 0.4 mm wide by 0.1 
mm deep. Passageways having cross-sectional configurations other than square or 
rectangular channels are possible. 

After completion of the centrifuging step, the substantially solids-free liquid 
located in the inlet passageway 52 and outlet passageway 56 are ; transported through 
; the outlet passageway .56 as represented by arrow 71 in FIG: 6. The liquid as shown 
at 72 is forced towards the test well inlet 54 by pressure which is applied to 
deposition well 38 by compressing septum 20. Although it is possible to move 
liquid 72 into the test well inlet 54 by pressing septum 20 by hand, it is preferred 
thatan automatic system be utilized wherein multiple cartridges 10 are centrifuged 
simultaneously and then an apparatus be provided which automatically presses down 
on septum 20 to provide desired pressurization of deposition well 38 to force the 
liquid 72 into test well/cuvette via inlet 54. The vent 21 in the cover 14 must be 
sealed when the system is pressurized using septum 20. 

The test well inlet 54 provides an inlet into the cuvette 22 which is heat 
sealed or otherwise bonded into the cartridge body. Although other components 
may form part of the test well, in this preferred embodiment, the test well is the 
cuvette. As best shown in FIGS. 9-12, the cuvette 22 includes a cuvette body 221 
which has a bottom 222, a first wall 224 and a second wall 226 which define a cell 



_9939182A1_I_> 



PCT/US99/01707 

WO 99/39182 -12- 

228. The cuvette further includes a first wing 230 which extends from the first wall 
224. In the preferred embodiment, the first wing 230 is solid plastic or glass which 
is transparent to the radiation being used in the spectroscopic analysis. As best 
shown in FIG. 12, the first wing 230 has a reflective face 231 which is shaped so 
5 that radiation (as represented by phantom line 232) is directed into the cell 228. A 

second wing 234 extends from the second wall 226 and has a reflective face 243 
which is shaped to provide redirection of the radiation beam back in the opposite 
direction. This configuration for cuvette 22 allows an incident beam of radiation to 
be applied to the cuvette in a direction which is substantially parallel to the first wall 
10 224, with the radiation beam directed through the cuvette cell 228 by first wing 230 

and then being directed by second wing 234 in a direction which again is 
substantially parallel to the first wall 224 and second wall 226, but in a direction 
which is opposite from the incident beam of radiation. In this way, both the 
radiation source and radiation detector can be located below the cuvette and 
15 cartridge assembly. The radiation source and detector are shown schematically in 

FIG. 12 at 236 and 238, respectively. Location of the radiation source 236 and 
detector 238 below the cuvette and cartridge assembly is an important feature since 
: it allows spectrophotometry determinations to be conducted while the cartridge 
assemblies are housed in a centrifuge tray or other assembly. Such determinations 
20 can be made while me cartridge is stationary or during rotation. 

The cuvette 22 can be made from a wide variety of materials provided that 
they are optically transparent for the radiation being used in the test protocol. For 
example, cuvettes made from optical quality plastics may be used when visible or 
ultraviolet determinations are being made. When infrared radiation is being used, it 
25 is preferred that the cuvette be made from glass. 

In many spectrophotometry analysis protocols, it is desirable to add a 
reagent to the cuvette either before or after introduction of the test sample. In the 
preferred embodiment of the present invention, a reagent well or pouch is located in 
the cartridge as shown at 80 in FIGS. 1, 3-7 and 13. The reagent well is connected 
30 to the test well or cuvette inlet 82 by way of reagent passageway 84. A flexible 

pouch 86 (see FIGS. 1 and 3) is placed in the reagent well 80. As shown in FIG. 7, 
application of pressure to the flexible pouch 86 results in reagent, as shown at 88 
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being transported to the test well inlet 82, as represented by arrow 90. Referring to 
FIG. 13, it is preferred that the bottom of the reagent pouch 86 be pierced by spike 
94 when the pouch 86 is depressed. Upon puncture of layer 92 by spike 94, the 
reagent flows into channel 96 and then into reagent passage 84 as represented by 
arrow 98. Other types of valving systems are possible. However, the use of a foil or 
other material which can be punctured by spike 94 is preferred due to its simplicity. 
As was the case with flexible septum 20, it is preferred that the pouch 86 be 
automatically depressed or squeezed by a mechanical arm or other device at an 
appropriate time during the analysis protocol. 

The cartridge assembly, as described above, is well-suited for conducting a 
number of different spectrophotometric analyses including coagulation, 
immunochemistry and chemistry tests. A wide variety of fluids, including serum! 
plasma, whole blood, saliva, spinal fluid, urine or water may be tested. Detection of 
a signal from the prismatic cuvette can be achieved by using electromagnetic 
radiation such as ultraviolet, visible or infra red light. 

:,: < v ; , Examples of c °agulation tests that can be measured in the prismatid cuvette 
are prothrombin time, activated partial thromboplastin time, fibrmbg^ and tn^mbin T > 
,^ ie ; The coagulation event can be measured optically by detecting a change^m me - 
.tobidity of.the,sample:using an analytical instrument: Turbidity >'is' the fniea^ of * h 
the decrease in light.passing through a sample due to light scatter, reflectance and ' 
absorption. - ; . 

Immunochemistry tests can be performed in the prismatic cuvette using 
either light absorption or turbidity techniques. Using light absorptibh; a technique 
such as enzyme multiplied immunoassay technique (EMIT) can be used to optically 
measure small molecules in solution. Examples of analytes that can be measured by 
EMIT include digoxin, theophylline, phenytoin, thyroxine, valproic acid, 
gentamicin, tobramycin and cyclosporin. Using turbidity, techniques such as micro- 
particle agglutination inhibition and direct microparticle agglutination can be used to 
measure large and small molecules. Examples of analytes that can be measured 
using the agglutination principle include digoxin, theophylline, phenytoin, 
thyroxine, valproic acid, gentamicin, tobramycin, cyclosporin, human chorionic 
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gonadotropin, troponin, myoglobin, prostate specific antigen, microalbumin and 
thyroid stimulating hormone. 

Chemistry tests can be performed in the prismatic cuvette by adding all 
necessary reagents to perform the test to the cuvette and optically measuring the rate 
or endpoint of the chemical reaction. Some examples of chemistry tests that can be 
performed in the prismatic cuvette include lactic acid, ethanol, iron, iron binding 
capacity, glucose, cholesterol, carbon dioxide and lipase. 

Raised ribs 240 and 242 as shown in FIGS. 10-12, are located on the bottom 
of the cuvette cell 228 in order to provide locations where various reagents may be 
pre-applied to the cuvette. In many determinations it is desirable to place one or 
more reagents into the cuvette prior to introduction of the sample fluid. The raised 
ribs 240 and 242 allow one to add up to four different reagent solutions which are 
then dried to provide separate reagent aliquots in the cuvette. 

Having thus described exemplary embodiments of the present invention, it 
\ should be noted by those skilled in the art that the within disclosures are exemplary 
I only and that various other alternatives, adaptations and modifications may be made 
I within the scope of the present invention. For example, s^njngjnechanism can be 
included within the cuvette, if desired. Accordingly, the present invention is not 
limited to the specific embodiments as illustrated herein, but is only limited by the 
V following claims. 
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CLAIMS 

What is claimed is - 

1. An analytical cartridge adapted for use in spectrophotometry 
analysis, said cartridge comprising: 

a housing comprising a cartridge body which has a top surface, bottom 
surface and outer walls defining a housing perimeter, said body further comprising 
an inner end and an outer end; 

a deposition well located in said cartridge body for receiving fluid to be 
analyzed, said deposition well having an inlet and an outlet: 

a test well located in said cartridge body, said test well comprising a cuvette 
and an inlet through which fluid can be introduced into said cuvette, wherein said 
test well inlet is located more towards said cartridge body inner end than the outlet 
from said deposition well; 

an overflow well located in said cartridge body, said overflow well having an 
. inletand v an <mflCt * Wherein sa "l overflow well is located at a position which is more ; 
towards said outer end than said deposition well or said test well inlet; . . ', Tj 

, ■ a first passageway which connects the deposition well outlet to the overflow 

'•' well inlet;. •'•'' ' ' 1 '■ " "' ' y •_"•'•"'*" ' : ' : ' " 

a second passageway which connects the deposition well outlet to the. test 
- well inlet wherein said first and second passageways are integral with each other at 
said deposition well outlet; and 

a pressurization device associated with said deposition well for pressurizing 
said deposition well to provide controlled movement of liquid through said second 
passageway. 



2. An analytical cartridge according to claim 1 further comprises: 

a reagent well for housing a liquid reagent, said reagent well having an 

outlet; 

a reagent passageway which connects said reagent well outlet to said test 
5 well inlet; and 
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a pressurization device associated with said reagent well for pressurizing said 
reagent well to provide controlled movement of reagent from said reagent well to 
said test well. 

3. An analytical cartridge according to claim 1 wherein said first 
passageway comprises a separation well which is located in said cartridge body at a 
position which is more towards said outer end than said deposition well, said 
separation well including an inlet connected to said deposition well outlet and an 
outlet connected to said overflow well inlet. 

4. An analytical cartridge according to claim 1 wherein said 
pressurization device comprises a flexible septum which can be moved from a 
relaxed position to one or more compressed positions, wherein movement from said 
relaxed position to said one or more compressed positions provides pressurization of 

; said deposition well. 

5. An analytical cartridge according to claim 4 wherein said septum is 
located in a cap, said cap being movable between an open position wherein said 
septum is displaced away from said deposition well to allow introduction of fluid 
into said deposition well and a closed position wherein said septum is in a position 
5 to provided pressurization of said deposition well. 

6 . An analytical cartridge according to claim 1 wherein said cuvette 
comprises: 

a cuvette body having a bottom, a first wall and a second wall which define a 
cell, said first and second walls each including a radiation transparent zone wherein 
5 radiation may be passed through said first wall, said cell and said second wall, said 

first and second walls extending substantially perpendicular to said bottom; 

a first wing extending from said first wall for receiving incident radiation 
which is directed substantially parallel to said first wall, wherein said first wing 
directs said incident radiation into said cell through said transparent zone in said first 
10 wall to form a test beam of radiation within said cell; and 
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a second wing extending from said second wall for receiving said test beam 
of radiation which has passed through said cell and said transparent zone in said 
second wall, said second wing directing said test beam of radiation in a direction 
which is substantially parallel to said second wall and substantially in the opposite 
15 direction of said incident radiation. 

7. An analytical cartridge according to claim 6 wherein said first wall 
has a first surface area and said second wall has a second surface area, said 
transparent zone in said first wall having a surface area which is substantially equal 
to the surface area of said first wall. 

8. An analytical cartridge according to claim 7 wherein said transparent 
zone in said second wall has a surface area which is substantially equal to the surface 
area of said second wall. 

... • . .. 9 * A" analytical cartridge according to claim 6 wherein said first wing 
• , comprises a reflective face which directs said incident radiation to said first wall. 

10 - ^ analytical cartridge according to claim 9 wherein said second 
wing comprises a reflective face which directs said test beam of radiation - in a 
direction which is substantially parallel to. said second face and in the opposite 
direction of said incident radiation. 

11. An analytical cartridge according to claim 6 wherein said first wing is 
a solid radiation transparent body. 

12. An analytical cartridge according to claim 6 wherein said second 
wing is a solid radiation transparent body. 

13. An analytical cartridge according to claim 11 wherein said second 
wing is a solid radiation transparent body. 
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14. A cuvette adapted for use in measuring radiation transmission 
through liquid samples, said cuvette comprising: 

a cuvette body having a bottom, a first wall and a second wall which define a 
cell, said first and second walls each including a radiation transparent zone wherein 
5 radiation may be passed through said first wall, said cell and said second wall, said 

first and second walls extending substantially perpendicular to said bottom; 

a first wing extending from said first wall for receiving incident radiation 
which is directed substantially parallel to said first wall, wherein said first wing 
directs said incident radiation into said cell through said transparent zone in said first 
10 wall to form a test beam of radiation within said cell; and 

a second wing extending from said second wall for receiving said test beam 
of radiation which has passed through said cell and said transparent zone in said 
second wall, said second wing directing said test beam of radiation in a direction 
which is substantially parallel to said second wall and substantially in the opposite 
1 5 direction of said incident radiation. 

15. A cuvette according to claim 14 wherein said first wall has a first 
surface area and said second wall has a second surface area, said transparent zone in 
said first wall having a surface area which is substantially equal to the surface area 
of said first wall. 

16. A cuvette according to claim 15 wherein said transparent zone in said 
second wall has a surface area which is substantially equal to the surface area of said 
second wall. 

17. A cuvette according to claim 14 wherein said first wing comprises a 
reflective face which directs said incident radiation to said first wall. 

18. A cuvette according to claim 17 wherein said second wing comprises 
a reflective face which directs said test beam of radiation in a direction which is 
substantially parallel to said second face and in the opposite direction of said 
incident radiation. 
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19. A cuvette according to claim 14 wherein said first wing is a solid 
radiation transparent body. 



20. A cuvette according to claim 14 wherein said second wing is a solid 
radiation transparent body. 

21. A cuvette according to claim 20 wherein said second wing is a solid 
radiation transparent body. 

22. A method for analyzing a fluid which comprises the steps of: 

a) introducing said fluid into an analytical cartridge wherein said cartridge 
comprises: 

a housing comprising a cartridge body which has a .op surface, bottom 

an inner end and an outer end; 

a deposition well located in said ^cartridge body for receiving fluid to be 
analyzed, said deposition well having an inlet and ari ouflet: = w . 
. a test well located in said cartridge body, said test well comprising a cuvette 
and an inlet through which fluid can be inttoduced into said cuvette, wherein said 
test well mlet is located more toward, said cartridge body inner end than the outlet 
from said deposition well; 

an overflow well located in said cartridge body, said overflow well having an 
mlet and an outlet, wherein said overflow well is located at a position which is more 
towards said outer end than said deposition well or said test well inlet; 

a first passageway which connects the deposition well outlet to the overflow 
well inlet; 

a second passageway which connects the deposition well outlet to the test 
well mlet wherein said first and second passageways are integral with each other at 
20 said deposition well outlet; and 

a pressurization device associated with said deposition well for pressurizing 
said deposition well to provide controlled movement of liquid through said second 
passageway; 
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b) centrifuging said analytical cartridge with said inner end and outer end of 
said cartridge body oriented so that said fluid flows from said deposition well into 
said first and second passageways; 

c) pressurizing said test well to provide flow of fluid from said first and 

second passageways into said cuvette; and 

d) analyzing said fluid in said cuvette. 

23 A method according to claim 22 wherein said first passageway 
comprises a separation well which is located in said cartridge body at a position 
which is more towards said outer end than said deposition well, said separation well 
including an inlet connected to said deposition well outlet and an outlet connected to 
said overflow well inlet, said cartridge being centrifuged for a sufficient time and at 
a sufficient centrifugal force to separate any solid components from said fluid mto a 
solids fraction located in said separation well to thereby provide substantially sohds- 
free liquid located in said second passageway and the portion of sa,d first 
passageway which is integral with said second passageway. 

24 A method according to claim 23 wherein said fluid is blood, said 
blood being separated during said centrifuging step into a cell fraction located in 
said separation well and a cell-free fluid which is analyzed in said test well. 

25. A method according to claim 22 which includes the additional step of 
adding a reagent to said fluid in said test well. 

26. A method according to claim 23 which includes the additional step of 
adding a reagent to said cell-free fluid in said test well. 
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